Introduction
One of the methods of obtaining supramolecular, mono-or multilayer systems on the phase boundary is adsorption or chemical modification of solid surfaces which allows their chromatographic study. The nature of the solid carrier bares great importance in such modification is very important, since its surface structure has great impact on the structure and the degree of ordering of the formed modifier layer. In this regard, the study of the monomolecular layers of mesogenic and nonmesogenic compounds with anisometric molecules is very interesting, because their spatial structure of molecules contributes to a spontaneous self-ordering on the substrate surface [1, 2] .
At present there are sufficiently many studies of gas phase organic compound adsorption on mono-and polylayers of various mesogens (liquid crystals (LC)), as well as their structures [3] [4] [5] [6] [7] . Mesogen compounds with branched end fragments belong to a special group. In accordance with the adopted in the literature terminology, such liquid crystals are called «swallowtail» or «double swallowtail» mesogens [8] . They form a class of compounds allowing a variation of the molecular structure in a fairly wide range that leads to a diversity of possible mesophases.
The purpose of this work was the gas chromatographic study of vapor adsorption of organic compounds of various polarity at the Carbopack Y (CpY) carbon adsorbent modified by the monomolecular layer of a nematic liquid crystal of the «double swallowtail» type -bis[2,2'-di-(nhexyloxycarbonyl)ethynyl]phenyl ether of 4,4'-biphenyldicarboxylic acid (BAHPh).
Experiment
Carbopack Y (Supelco Inc.), non-porous carbon adsorbent-carrier, characterized by the geometric and chemical homogeneity of the surface (specific surface area 33,6 m 2 /g) was selected as a solid substrate for LC monolayer formation.
The BAHPh modifier* ( fig. 1 ) was applied from a chloroform solution in the amount required for obtaining dense monomolecular layer. To determine the needed quantity of the modifier the landing site of the LC molecule was calculated as to 485 Å 2 . The mass of the modified adsorbent in the column (1 m x 2 mm) was 1,2726 g (CpY -1,2708 g, BAHPh -11,7 mg).
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Fig. 1. Structure and phase transition temperatures of BAHPh
The experiment was conducted using the inverse gas chromatography method on Tsvet-100 chromatograph with a flame ionization detector. Based on the experimental data Henry adsorption constants were calculated according to the formula: 
standard adsorbate entropy in the gas phase with concentration С = 1 mcmol/cm 3 . Considering that the coefficients А and В in the first approximation do not depend on the temperature and determining the coefficients from linear dependencies
, the experimental values of the adsorption thermodynamic characteristics of the studied substance were determined.
Results and Discussion
Fig . 2 shows temperature dependencies of the Henry constants of n-hexane, cyclohexane, benzene and butanol-1 adsorption on the original (CpY) and modified (CpY/BAHPh) adsorbents. After modification Henry constants' reduction has been observed for all researched substances. That is specific for modifications of graphite thermal soots by molecules forming dense monolayers capable of shielding the carbon substrate surface [6, 10] .
The analysis of the Henry constants of adsorption indicates that n-alkanes are adsorbed slightly better on the modified adsorbent than arenes with the same number of carbon atoms in the molecule (n-hexane comparing to benzene, fig. 2 ). Moreover, it should be noted that the CpY modification in case of cyclohexane and butanol-1 leads to a much smaller reduction of Henry constants comparing to the original CpY than for the arenes and alkanes of the normal structure. The data shows that in n-alkanes modification leads to a reduction of the heat of adsorption and to an increase of the absolute value of the entropy change. The n-hexane is an exception. Its Non-polar and low-polar compounds with cyclic molecular structure constitute a special group of compounds. For example, the heat of adsorption on both adsorbents are nearly the same for cyclohexane, cyclohexene, and isomeric dioxanes. Entropy changes after modification are greater on average by 5-18 J/(mol·K).
In general, the heat of adsorption values on CpY and CpY/BAHPh adsorbents increase with polarizability (size) growth of the adsorbate molecules ( fig. 3, table) . For spirits in case of the modified adsorbent the heat of adsorption is higher than for hydrocarbons approximately by 9-15 J/(mol·K) (e.g., ≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡ cyclohexanol and cyclohexane, hexanol-1 and nhexane). That corresponds well to the typical energy values of the hydrogen intermolecular bond. It is common for both adsorbents that increase in the degree of branching of a hydrocarbon radical in a spirit molecule leads to some decrease of the heat of adsorption. In case of the original adsorbent that comes from the weakening of intermolecular bonds of the spirit molecules with the flat surface, thus, with the decrease of energy of the dispersion interaction. While in case of the CpY/BAHPh adsorbent it comes from steric hindrances in hydrogen bond formation. Toluene -chlorobenzene combination, whose molecules have virtually the same molecular volumes, is also characterized by the same 1 , dif q values on the CpY adsorbent. Because in this case, the energy of interaction is determined only by dispersion interactions. Modification leads to a weakening of the dispersion interactions for both compounds, but provides a contribution to the dipole-dipole interactions in the overall energy of adsorption for chlorobenzene leading to an increase of its heat of adsorption. Fig. 3 . Relation between the differential molar heat of adsorption and the polarizability of the adsorbates on the examined adsorbents; CpY (a), CpY/BAHPh (b); lines are drawn through the n-alkane points Entropy dependence analysis demonstrates that in general adsorption on the surface of the original adsorbent is delocalized in nature ( fig. 4, a) and in the first approximation is described by the following equation [11, 12] :
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where M -adsorbate molar mass (g/mol), Ttemperature (K).
It can be noted that in case of the modified adsorbent the experimental values of the absolute entropy change for all compounds are slightly higher than it is predicted by the model of an ideal twodimensional gas (fig. 4, b) . This demonstrates the lesser mobility of the adsorbed molecules on the modified surface comparing to a flat homogeneous surface along which adsorbate molecules can move freely. ≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡≡ a b Fig. 4 . Relation between the differential molar entropy change during adsorption and the molar mass of the adsorbates for examined adsorbents; CpY (a), CpY/BAHPh (b); lines are drawn based on the equation (3); for all adsorbates the temperature T = 403,15 K Such nature of the entropy dependence for CpY/BAHPh reveals the heterogeneity of the BAHPh's monolayer surface and suggests that the movement of the adsorbed molecules along the surface overall ceases to be free. This effect may also be observed in a case where modifier molecules are loosely adjacent to each other in the monolayer leaving part of the substrate open. Thereby the adsorption capacity of the modified surface varies periodically along the way. Those parts of the surface which correspond to the potential minima are the centers of the partial localization of the adsorbed molecules. In our case the effect of the adsorption localization on the surface of the modified adsorbent is weak. That comes from the fact that observed entropy changes (no more than ~140 J/mol·K) do not reach in absolute value the expected levels for the full localization of molecules, i.e. complete loss of all three degrees of freedom of translational motion.
Based on the collected data it can be assumed that in the monolayer on a carbon substrate surface the BAHPh molecules are located in such a way that between their hard central fragments, as well as between the branched end groups, intervals may arise ( fig. 5) . Presence of available substrate surface between BAHPh molecules should have lead to a growth of the thermodynamic characteristics of adsorption, as this would have increased the energy of the «adsorbent-modifier-adsorbate» disperse interaction by increasing the number of intermolecular contacts between the carbon substrate, LC and adsorbate molecules. Similar results were observed researching another liquid crystal [13] . However, in case of the BAHPh monolayer the width of the formed intervals is not enough even for small adsorbate molecules to penetrate them embedding in the monolayer structure.
Conclusions
Modification of the carbon adsorbent surface by an LC monolayer of the «double swallowtail» type shields the surface. That is expressed in the Henry constants reduction for all researched compounds compared to the original CpY adsorbent. It has been revealed that the decrease in the heat of adsorption resulting from the decline in the adsorption capacity of the firm substrate after modification is poorly offset by the specific interactions in addition to the disperse interactions. The nature of the adsorption entropy change leads to the conclusion that the BAHPh molecules are self-organized in the monolayer as a regular structure with little linear size intervals not permitting the interaction of the substrate with the adsorbate molecules.
